(19) 



J 



Europdtsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

17.07.2002 Bulletin 2002/29 

(21) Application number: 01309826.4 

(22) Date of filing: 22.11 .2001 



(11) EP 1 223 676 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCl J: H03L 7/099 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 


• HigashI, HIrohlto, c/o Fujitsu Limited 


MC NL PT SE TR 


Kawasakl-shi, Kanagawa 211-8588 (JP) 


Designated Extension States: 


• Ishida, Hidekl, c/o Fujitsu Limited 


AL LT LV MK RO SI 


Kawasakl-shi, Kanagawa 211-8588 (JP) 


(30) Priority: 27.12.2000 JP 2000398301 


(74) Representative: Stabbing, Timothy Charles et al 




Haseltine Lake & Co., 


(71) Applicant: FUJITSU LIMITED 


Imperial House, 


Kawasakl-shI, Kanagawa 211-8588 (JP) 


15-19 Kingsway 




London WC2B 6UD (GB) 



(54) Automatic bias adjustment circuit for use in PLL circuit 



(57) A bias current )B additionally provided to a cur- 
rent-controlled circuit 13 In a PLL circuit is the sum of 
bias currents IB1 and iB2 which are generated by a bias 
adjustment circuit (18, 19, 20, 21 and 22) and a bias 
current generating circuit (23 and 24), respectively. The 
bias adjustment circuit adjusts the bias current 181 in 
response to an adjustment start signal AD J such that a 
control voltage VC converges to a reference voltage 
VREF, and ceases the adjustment when the conver- 



gence has been achieved. The reference voltage VREF 
is detemnined to be a value at an almost middle point in 
a range of the variable VC in the PLL circuit. The bias 
cun^ent generating circuit has a circuit 23 generating a 
bias voltage VT and a circuit 24 convening the VT into 
a current IB2, wherein the temperature characteristic of 
the bias voltage VT is opposite to that of the control volt- 
age VC under the condition that the frequency of an os- 
cillation signal OCLK is fixed. 
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Description 

[0001] The present invention reiates generaliy to a 
PLL (Pliase-Locked Loop) circuit, more particularly, to 
an automatic bias adjustment circuit adjusting a bias 5 
current provided to a CCO (Current Controiied Oscilla- 
tor). 

[0002] FIG. 8 shows a schematic configuration of a 
prior art voltage controlled oscillator (VCO) 1 0 for use 
in a PLL circuit. 

[0003] 1 n the VC0 1 0, a control voltage VC is convert- 
ed into a current IE by a V/l converter circuit 11 , and the 
current IE is added to a bias current IB by an adder 12 
to make a control current IC, which is provided to a cur- 
rent-controlled oscillator (CCO) 1 3. The CCO 1 3 outputs 
an oscillation clock OCLK with a frequency FO accord- 
ing to the value of the control current IC. 
[0004] FIG. 9(A) shows characteristics of the oscilla- 
tion frequency FO versus the control voltage VC of the 
VCO 1 0 when the bias current IB = 0. 
[0005] The characteristics vary greatly with variations 
in fabrication process conditions, that Is, variations in 
threshold voltage, gate length and gate insulating film 
thickness of FETs which are constituents of the VCO 1 0. 
A characteristic curve TYP in the figure is of a typical 
case, while other characteristic curves POW and SPW 
are of cases where the oscillation frequency FO are 
equal to the maximum and the minimum, respectively, 
for each control voltage VC because of variations in the 
fabrication process conditions. 

[0006] In the PLL circuit, the control voltage VC is an 
output of a loop filter. The range of variable frequencies 
VLto VH of the output is usually detennined by a power 
supply voltage and the threshold of FETs. In a case 
where a frequency Fm is equal to a reference clock fre- 
quency when the control voltage VC is equal to the mid- 
die value Vm between VL and VH, the range of a fre- 
quency of the VCO 1 0 in which the frequency can vary 
in the PLL circuit Is maximized. Even if the VCO 10 is 
designed in this way, the VCO 10 is apt to become out 
of lock due to noise or a variation in clock frequency 
since the range of the frequency in which it can vary is 
narrow In a case where the frequency characteristic 
thereof is of POW according to variations in the fabrica- 
tion process conditions. Meanwhile, where the frequen- 
cy characteristic thereof is of SPW, the VCO 10 cannot 
achieve the in lock condition. 

[0007] IHowever. even in a case where the frequency 
characteristic thereof is of POW, if POW is translated in 
the positive direction along the VC axis to a position as 
shown in FIG. 9(B), the range of variable frequencies 
becomes wider to prevent the VCO 10 from being out 
of lock. The translation corresponds to adjustment of the 
value of the bias current IB so as to hold FO = Fm when 
VC = Vm in FIG. 8. 

[0008] In the PLL circuit, if noise is superimposed on 
the control voltage VC, Jitter arises in the wavefomn of 
the oscillation clock OCLK. it is possible to reduce the 
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Jitter by decreasing the ratio of an increment of the os- 
cillation frequency FO to an increment of the control volt- 
age VC (a VCO gain), that is, by decreasing the slope 
of the characteristic curve of the VCO 1 0. 
[0009] On the other hand, the characteristics of the 
VCO 10 are also dependent on temperature as shown 
in FIG. 10(A). Characteristic curves In the figure show 
ones in cases where temperatures are T1 , T2 and T3 
wherein a relation T1 < T2 < T3 is satisfied. FIG. 10(B) 
shows a relationship between temperature T and the os- 
cillation frequency FO under the condition that the con- 
trol voltage VC is at a constant value. 
[0010] If the VCO gain is small as shown in FIG. 10 
(A), the range of variable frequencies and a margin in 
the PLL circuit are narrow; therefore, a more exact ad- 
justment of the bias current IB is required to avoid the 
VCO becoming out of lock due to variations in temper- 
ature and noise. 

[0011] In JP 10-84278 A, a PLL circuit employing a 
replica of a CCO is used as an automatic bias adjust- 
ment circuit, and the output of a V/l converter circuit in 
a VCO is used as a bias current IB to the PLL circuit, 
which Is an adjustment object, to deal with variations in 
process conditions and temperature. 
[0012] However, when the VCO gain of the PLL circuit 
to be adjusted Is reduced to restrict jitter to a low value, 
the VCO gain of the bias adjustment circuit is also re- 
duced; therefore, the out of lock condition can arise in 
the bias adjustment circuit, thereby preventing a proper 
bias current IB from being generated. 
[0013] Meanwhile in JP 11-177416 A, in order to cope 
with variations in process conditions and temperature, 
the output of a loop filter is converted into a current by 
a D/A converter circuit to use the current as a bias cur- 
rent IB. However, since the bias current IB is proportion- 
al to the control voltage VC in this case, the control cur- 
rent of the CCO is also proportional to the control voltage 
VC; therefore the control current IC cannot be set to a 
value at the middle point of its range against variations 
in process conditions and temperature. 
[0014] Furthennore in JP 1 0-70458 A, in order to cope 
with variations in process conditions and temperature, 
the output voltage of a loop fitter Is compared with a ref- 
erence voltage having a temperature coefficient of al- 
most zero, the count value of a counter is changed in 
accordance with the result of the comparison, and a bias 
switch is controlled by the count value to determine the 
state of a bias generator. 

[0015] However, there is no description about how to 
change the count value, what the reference voltage is, 
about the relationship between the input and output of 
the bias generator, or how the output current range of 
the bias generator is limited by the bias switch, which 
makes the contents of the bias adjustment unclear. 
Moreover, since the bias generator is always under dig- 
ital control in order to deal with variation in temperature, 
since the value of the control current IC has a step 
change at each time of changing-over of the switch, Jitter 
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is produced even on the assumption that the bias ad- 
justment is enabled. 

[0016] Furthemnore, since in any of the above-pub- 
lished documents, the digital adjustment circuit is al- 
ways in operation In order to deal with variation In tem- s 
perature, power consumption increases. 
[0017] Accordingly, it is desirable to provide an auto- 
matic bias adjustment circuit capable of giving a more 
proper bias current to a PLL circuit against variations in 
process conditions and temperature. io 
[0018] An automatic bias adjustment circuit according 
to present invention Is for use in a PLL circuit. The PLL 
circuit is provided with voltage-controlled oscillator com- 
prising: a voltage to current converter circuit converting 
a control voltage VC to a current IE; and a current-con- is 
trolled oscillator receiving a control current IC which is 
obtained by adding a bias current IB to the converted 
current IE. 

[0019] In one aspect of the automatic bias adjustment 
circuit of the present invention, the bias current IB is the 20 
sum of a first bias current adjusted for dealing with proc- 
ess variations and a second bias current for dealing with 
temperature variation. These first and second bias cur- 
rents are generated by a bias adjustment circuit and a 
bias current generating circuit, respectively. 25 
[0020] The bias adjustment circuit adjusts the first bi- 
as current in response to an adjustment start signal such 
that the control voltage converges to a reference volt- 
age, and ceases the adjustment when the convergence 
has been achieved. 30 
[0021] The reference voltage is detemnined to be an 
almost middle point in the range of the variable control 
voltage. 

[0022] The bias current generating circuit provides 
the second bias current having such a temperature 35 
characteristic that the control voltage is prevented from 
shifting from the reference voltage due to temperature 
variation. 

[0023] Since the adjustment by the bias adjustment 
circuit is not performed after the first bias cun-ent has 40 
been adjusted such that the control voltage converges 
to the reference voltage, even if the characteristics of 
the voltage-controlled oscillator change due to variation 
in temperature, the value of the first bias current does 
not rapidly change, thereby ensuring a stable operation ^5 
of the PLL circuit. 

[0024] After the adjustment, since the shift of the con- 
trol voltage from the reference voltage due to variation 
in temperature is corrected by the bias current generat- 
ing circuit, the control voltage is maintained at an almost so 
middle point in the range of the variable control voltage. 
Thereby, the frequency range within which the VCO re- 
mains in lock becomes almost the maximum independ- 
ently of variation in temperature, and therefore even if 
the VCO gain is reduced in design in order to minimize ss 
jitter due to noise, the out of lock condition can be pre- 
vented. 

[0025] In a case where the bias current generating cir- 



cuit is constituted of a bias voltage generating circuit and 
a voltage to cun-ent converter circuit converting a gen- 
erated bias voltage to a current which is the second bias 
current, the bias voltage generating circuit generates a 
bias voltage having a temperature characteristic oppo- 
site to that of the control voltage under the condition that 
the frequency of the oscillation signal is fixed. 
[0026] Another aspect of the invention provides a bias 
adjustment method for adjusting a bias current for a PLL 
circuit. 

[0027] Reference is made, by way of example only, to 
the accompanying drawings in whlch:- 

FIG: 1 is a block diagram showing a PLL circuit of 
a first embodiment according to the present inven- 
tion; 

FIG. 2 is a logic circuit diagram showing an embod- 
iment of the register setting circuit of FIG. 1 together 
with a register; 

FIG. 3 Is a time chart showing operation of the circuit 
of FIG. 2; 

FIG. 4(A) Is a graph showing changes In bias volt- 
age VT versus temperature, FIG. 4(B) is a graph 
showing changes in bias current IB versus temper- 
ature and FIG. 4(C) is a graph showing changes in 
control voltage VC versus temperature when a PLL 
circuit is in lock; 

FIG. 5 is a block diagram showing a PLL circuit of 
a second embodiment according to the present in- 
vention; 

FIG. 6 Is a diagram showing an structural example 
of a charge pump circuit and a loop filter to be em- 
ployed in a PLL circuit, of a third embodiment ac- 
cording to the present invention; 
FIG. 7 is a diagram of voltage waveforms of signals 
VD and VC in relation to a pulse of an up signal UP, 
showing operation of the circuit of FIG. 6; 
FIG. 8 Is a block diagram of a prior art voltage con- 
trolled oscillator for use in a PLL circuit; 
FIGS. 9(A) and 9(B) are graphs each showing char- 
acteristics of oscillation frequency FO versus con- 
trol voltage VC, of the circuit of FIG. 8, wherein FIG. 
9(A) shows characteristic curves of VCOs fabricat- 
ed on respective three different process conditions, 
in a case where temperature is constant and a bias 
current IB is equal to zero, while FIG. 9(B) shows a 
characteristic curve of a VCO having the character- 
istic curve POW in FIG. 9(A) with a bias current IB 
being adjusted; and 

FIG. 1 0(A) is a graph showing characteristics of os- 
cillation frequency FO versus control voltage VC of 
a voltage-controlled oscillator having a relatively 
small gain, at respective three different tempera- 
tures, and FIG. 10(B) Is a graph showing a charac- 
teristic of oscillation frequency FO versus tempera- 
ture when control voltage VC is constant. 

[0028] Referring now to the drawings, wherein like ref- 
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erence characters designate like or corresponding parts 
throughout several views, preferred embodiments of the 
present invention are described below. A signal which 
is active low will be denoted with adding **' to a reference 
character 

First Embodiment 

[0029] FIG. 1 shows a PLL circuit of a first embodi- 
ment according to the present Invention. 
[0030] A VCO 1 0 has the same configuration as the 
VCO 10 of FIG. 8 and an oscillation clocl< OCLK with a 
frequency FO of the VCO 10 is provided to a divider by 
N, 14, to generate a feedback clock FCLK with a fre- 
quency FO/N. A phase comparator 15 detects lag or 
lead of the feedback clock FCLK with respect to a ref- 
erence clock RCLK to generate a putse of an up signal 
UP or a down signal DWN at each time of the lag or lead 
detection. A charge pump circuit 16 charges or dis- 
charges a filter capacitor in a loop filter 1 7 in response 
to a pulse of the up signal UP or the down signal DWN, 
respectively. The output of the loop filter 1 7 is given as 
a control voltage VC to a V/l converter circuit 1 1 of the 
VCO 10. 

[0031] The frequency of the reference clock RCLK is 
usually shifted from a nominal frequency by variations 
in process conditions for Its generating circuit and vari: 
ation in temperature. 

[0032] An automatic bias adjustment circuit giving a 
bias current IB to an adder 1 2 is added to the PLL circuit 
constituted of the VCO 10, the divider by N, 14, the 
phase comparator 15, the charge pump circuit 16, and 
the loop filter 17. Next, description will be given of this 
adjustment circuit. 

[0033] In the embodiment, the bias current IB Is the 
sum of a bias current IB1 adjusted for coping with vari- 
ations in process conditions and a bias current IB2 for 
coping with variation in temperature. 
[0034] Next, description will be given of a bias adjust- 
ment circuit (18, 19, 20, 21 and 22) generating a bias 
current IB1. 

[0035] The control voltage VC is compared with a ref- 
erence voltage VREF generated at a reference voltage 
generating circuit 1 8 by a comparator 1 9. The reference 
voltage generating circuit 18 is designed such that the 
output VREF thereof is equal to a value at the middle 
point in the range of the variable output voltage of the 
loop filter 17, that is, Vm of FIG. 10(A). Usually, this 
range of variable output voltage extends from Vth to 
(VDD - Vth), for example, from 0.2 to 1 .6 V, where VDD 
is a power supply voltage and Vth Is a threshold voltage 
of a FET. In this case, VREF = VDD/2, which can be 
generated by a well-known voltage divider The refer- 
ence voltage generating circuit 18 Is preferable for ad- 
justment to a more proper bias current IB to be designed 
such that the reference voltage VREF is maintained at 
the above-described middle point against variation in 
temperature. For example, by connecting two resistors 
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with the same resistance value in series between the 
power supply line and ground, the divided voltage VREF 
= VDD/2 can be obtained and the voltage VREF main- 
tains the value at the above-described middle point even 

5 If there arises a variation In the power supply voltage 
VDD caused by variation In temperature. 
[0036] The comparison result CR of the comparator 
19 is high when VC > VREF, while being low when VC 
< VREF. The comparison result CR is provided to a reg- 

10 ister setting circuit 20 together with the reference clock 
RCLK and an adjustment start signal ADJ. The opera- 
tion of the register setting circuit 20 Is started by a pulse 
of the adjustment start signal ADJ given thereto and op- 
erates in synchronism with a clock obtained by dividing 

15 the reference clock RCLK. The register setting circuit 20 
sets values SV to a register 21 so that a series of com- 
parison results CR shows convergence of VC to VREF, 
and after the convergence, fixes the set value SV. That 
Is. the register setting circuit 20, as detailed later, sets 

20 '1' to a selected bit as a test bit in the register 21 se- 
quentially from the most significant bit to the least sig- 
nificant bit at predetermined cycles, and after setting or 
resetting the least significant bit, fixes the contents of 
the register 21. 

25 [0037] An output value SV1 of the register 21 is con- 
verted Into the bias current 181 by a D/A converter circuit 
22. The D/A converter circuit 22 can be constructed by 
connecting a plurality of circuits, each having a serial 
connection of a constant current source and a switching 

30 transistor, in parallel to each other. On and off of each 
switching transistor is determined by the set value SV1 . 
[0038] Next, description will be given of a bias current 
generating circuit (23 and 24) generating the bias cur- 
rent IB2. 

35 [0039] A bias voltage VT generated at a bias voltage 
generating circuit 23 is converted into the bias current 
IB2 by a V/l converter circuit 24. Limitation imposed on 
the bias voltage VT depends on the conversion coeffi- 
cient of the V/l converter circuit 24 and the range of the 

40 variable IB1 , and for example, if the coefficient is equal 
to that of the V/l converter circuit 11 and if IB1 > 0, then 
VT < VREF, for example, VT = VREF/2. If IB1 < 0. then 
a relation VT ^ VREF can be allowed. The bias voltage 
generating circuit 23 is designed such that the bias volt- 

45 age VT shows a temperature characteristic as de- 
scribed later. 

[0040] The converted bias currents IB1 and IB2 are 
summed by an adder 25 to provide the sum as the bias 
current IB to the adder 12 of the VCO 10. Because of 

50 addition of currents, each of the adders 25 and 12 can 
be constructed of a simple wire connection. 
[0041] The circuit of FIG. 1 Is formed in a semicon- 
ductor integrated circuit device, wherein the loop filter 
1 7 may be externally provided for reduction in chip area. 

55 [0042] FIG. 2 shows an embodiment of the register 
setting circuit 20 of FIG. 1 together with the register 21 . 
[0043] An RS flip-flop 30 is set by a puise of the ad- 
justment start signal ADJ and the non-inverting output 
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thereof is provided to one input of an AND gate 31 . A 
pulse of the adjustment start signal ADJ is generated by 
a circuit(not shown)when power is turned on. The refer- 
ence clock RCLK is provided to the other input of the 
AND gate 31. The reference clock RCLK passes 5 
through the AND gate 31 when the RS flip-flop 30 is in 
a set state and the passed clock RCLK Is provided to a 
divider by M, 32, to generate an operating clock CKL1 
in order to place the circuits 20 and 21 into an operating 
state, wherein l\/l is detennined such that a half cycle of 
the clock CLK1 is longer than a time from the reference 
clock RCLK being provided to the PLL circuit of FIG. 1 
tii) the PLL circuit becoming in lock. 
[0044] The clock CLK1 is provided to one input of an 
AND gate 33 and the comparison result CR is provided 
to the other input thereof. The output of the AND gate 
33 is provided to one input of each of AND gates 40 to 
43. The clock CLK1 is also provided to the clock input 
CK of a counter 44 and a three bit count CV thereof is 
provided to a decoder 45 to be decoded. The decoder 
45 has 5 outputs each going '1 * when the count CV has 
a corresponding one of values 0 to 4. The clock CLK1 
is further provided through a delay circuit 46 to one input 
of each of AND gates 50 to 53 as a clock CLK2. 
[0045] Four outputs of the decoder 45, each of which 
goes high when the count CV becomes corresponding 
one of values 0 to 3, are provided not only to the other 
inputs of the respective AND gates 40 to 43, but also to 
the other inputs of the respective AND gates 50 to 53. 
[0046] The outputs of the AND gates 40 to 43 are pro- 
vided to first inputs of respective OR gates 60 to 63, and 
to the other inputs of the respective OR gates 60 to 63, 
there are provided respective bits of a 4 bit shift register 
64, for outputting a test bit, in the order from the least to 
most significant bits. The shift register 64 is set to '1 000' 
in response to a pulse of the adjustment start signal 
ADJ. The clock CLK1 is provided to the clock input CK 
of the shift register 64, and the '1' (test bit) thereof is 
shifted to the right and '0' is loaded at the least significant 
bit thereof every rise of the clock CLK1 . 
[0047] The outputs of the OR gates 60 to 63 are pro- 
vided to data inputs of respective D flip-flops 70 to 73 of 
the register 21, and the outputs of OR gates 80 to 83 
are provided to the clock inputs of the D flip-flops 70 to 
73. To the OR gate 80, there are provided a signal ob- 
tained by passing the adjustment start signal ADJ 
through a delay circuit 84 and the outputof the AND gate 
50. To the OR gate 81 , there are provided the outputs 
of the AND gates 50 and 51 . To the OR gate 82, there 
are provided the outputs of the AND gates 51 and 52. 
To the OR gate 83, there are provided the outputs of the 
AND gates 52 and 53. 

[0048] The RS flip-flop 30 is reset by an output of the 
decoder 45 which is high when CV = 4. 
[0049] FIG. 3 is a time chart showing operation of the 
circuit of FIG. 2. 

[0050] Next, referring to FIG. 3, description will be giv- 
en of operations of the circuit of FIGS. 1 and 2. A dotted 
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lateral line in FIG. 3 indicates the set value SV1 to 
achieve VC = VREF, that is, the target value of the set 
value SV1 . 

POSI ] Assume that the divider by M . 32, the shift reg- 
ister 64, and the register 21 are cleared to zero by an 
initialization clrcuit(not shown)when power is turned on 
and the counter 44 has a loaded value 7. In this state, 
each of the five outputs of the decoder 45 is '0.' 

(1) The RS flip-flop 30 is set by a pulse of the ad- 
justment start signal ADJ and the reference clock 
RCLK Is provided to the divider by 1^, 32, through 
the AND gate 31 . Further, by a pulse of the adjust- 
ment start signal ADJ, the contents of the shift reg- 
ister 64 becomes '1 000,' and the least significant bit 
•1 • is provided as a test bit to the data input of the D 
flip-flop 70 through the OR gate 60. Next, a pulse 
of the adjustment start signal ADJ having passed 
through the delay circuit 84 is provided to the clock 
input of the D flip-flop 70 through the OR gate 80 to 
set the test bit '1 ' Into the D flip-flop 70, and thereby 
SV1 = 8. In FIG. 1 , if the maximum of the bias cur- 
rent IB1 is denoted by IBmax, then IB1 = 8-IB1 max/ 
15. 

When it has approached a half cycle of the 
clock CLK1 , the PLL circuit has been in lock and the 
control voltage VC is already stable. In the case of 
FIG. 3, VC > VREF and the comparison result CR 
is a logic high. 

(2) When the half cycle of the clock CLK1 has 
passed, the dock CLK1 rises, and CV = 0 and the 
gates 40 and 50 are opened to provide an output '1 ' 
of the AND gate 33 to the data input of the D flip- 
flop 70 through the AND gate 40 and the OR gate 
60 as a fixed bit (a bit fixed by the comparison result 
CR). Further, the contents of the shift register 64 
are shifted on the higher order side by one bit to 
become '0100' and this '1' is provided as a test bit 
to the data input of the D flip-flop 71 through the OR 
gate 61 . 

Next, the clock CLK2 rises and passes through 
the AND gate 50, and further provided through the 
OR gates 80 and 81 to the clock 1 nputs of the D flip- 
flops 70 and 71 to cause the clock inputs thereof to 
rise and set a fixed bit '1 ' and a test bit '1 ' into the D 
flip-flops 70 and 71 , respectively, with the result that 
SV1 = 12 and IB1 = 12.|B1max/15. 

Just before the next rise of the clock CLK1 , the 
PLL circuit has been in lock and the control voltage 
Is already stable. In the case of FIG. 3, VC < VREF 
and the comparison result CR is a logic low. 

(3) The clock CLK1 rises to cause CV =1 , the AND 
gates 41 and 51 are opened, and an output *0' of 
the AND gate 33 passes through the AND gate 41 
and the OR gate 61 to provide to the data Input of 
the flip-flop 71 as a fixed bit. Further, the contents 
of the shift register 64 are shifted on the higher order 
side by one bit to become '001 0' and this 'V is pro- 
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vided as a test bit through the OR gate 62 to the 
data input of the D flip-flop 72. 

[0052] Next, the clock CLK2 rises and passes through 
the AND gate 51 , further provided through the OR gates 
81 and 82 to the clock Inputs of the D flip-flops 71 and 
72 to set a fixed bit '0' and a test bit '1' into the D flip- 
flops 71 and 72, respectively, with the result that SV1 = 
10 and IB1 = 10. !B1max/15. 

[0053] Just before the next rise of the clock CLK1 . the 
PLL circuit has been in lock and the control voltage is 
already stable. In the case of FIG. 3, VC > VREF and 
the comparison result CR is a logic high. 
[0054] Such operations are repeated and when CV = 
3, then SV1 = 10. When CV = 4 Is achieved by the next 
rise of the clock CLK1 , the RS flip-flop 30 Is reset by the 
decoder 45 to cease the provision of the reference clock 
RCLK to the divider by M, 32, and further, cease the op- 
eration of the register setting circuit 20 and the register 
21 , whereby the set value SV1 is fixed. 
[0055] With operation as described above, a value of 
the register 21 Is set by the register setting circuit 20 
such that the control voltage VC converges to the refer- 
ence voltage VREF, and the actual use of the PLL circuit 
is started. 

[0058] Although the shift of the control voltage VC 
from the middle point of the range of the variable control 
voltage VC in the PLL circuit is caused by variations in 
process conditions and a deviation of the reference 
clock RCLK from the nominal frequency, with the above 
setting, that is, with adjustment of the bias current IB1 , 
correction of the shift is achieved. 
[0057] Since the set value SV1 Is not changed even 
if characteristics of the CCD 13 change due to a varia- 
tion in temperature afterthe setting, the value of the bias 
current IB does not rapidly change during the use of the 
PLL circuit, thereby ensuring a stable operation of the 
PLL circuit. 

[0058] Next, description will be given of a case where 
change in temperature arises afterthe above-described 
setting. 

[0059] Generally speaking, characteristics of an ana- 
log circuit have temperature dependency. Meanwhile, 
characteristics of the CCO 13 have a large influence of 
temperature In comparison with those of the V/l convert- 
er circuit 11 and the loop filter 17 which are analog cir- 
cuits. Therefore, with change in temperature, the PLL 
circuit operates so as to stay In lock, and as a result the 
control voltage VC shifts from the value at the middle 
point of a range of the variable control voltage VC. 
[0060] For example, when the control voltage VC is 
constant, if temperature rises by AT, then the VCO 10 
reduces the oscillation frequency FO as shown in FIG. 
10(B). For this reason, when temperature rises in the 
PLL circuit, a current IC increases by AlC, that is, the 
control voltage VC increases to operate such that the 
frequency of the feedback clock FCLK coincides with 
that of the reference clock RCLK. Therefore, the tem- 



perature characteristic of the bias voltage generating 
circuit 23 is detemnined by design such that the bias cur- 
rent IB2 Increases by AlC with increase in temperature 
by AT In this case, the output voltage VT of the bias 

5 voltage generating circuit 23 has a temperature charac- 
teristic opposite to that of the control voltage VC under 
the condition that the frequency FO of the oscillation 
clock OCLK is fixed in regard to the VCO 10. 
[0081] FIG. 4(A) shows changes in bias voltage VT 

10 versus temperature. 

[0062] Since the bias voltage VT increases with rise 
In temperature, the bias current IB2 also increases, and 
thereby, the bias cunrent IB = IB1 + IB2 increases as 
shown in FIG. 4(B). Since the bias current IB2 increases 

IS with increase in the control current IC, the frequency FO/ 
N increases without Increase in the control voltage VC 
to cause the frequency FO/N to coincide with that of the 
reference clock RCLK. Forthis reason, as shown in FIG. 
4(C), the control voltage VC remains constant In spite 

20 of variation in temperature. 

[0063] In such a way, even when temperature chang- 
es after the contents of the register 21 are fixed, the con- 
trol voltage VC Is maintained at a value of an almost 
middle point In the range of the variable control voftage 

25 VC, and thereby the range of the variable oscillation fre- 
quency FO becomes almost the maximum In spite of 
change in temperature, thereby preventing out of lock 
from occumng even with a small VCO gain designed for 
reducing jitter due to noise. 

30 [0064] In the prior art, a digital automatic bias adjust- 
ment circuit was operated at all times in order to deal 
with variation in temperature. However in the present 
embodiment, since the digital bias adjustment circuit 
ceases its operation afterthe initial adjustment, power 

35 consumption can be reduced and the lifetime of a bat- 
tery can be extended when the PLL circuit is employed 
especially In mobile electronic equipment such as a 
portable telephone. 

[0065] Note that depending on a circuit configuration, 

40 the CCO 13 may have a temperature characteristic 
which is the reverse of (opposite to) FIG. 10(B), 
whereby it is only required that the temperature char- 
acteristic of the bias voltage generating circuit 23 is re- 
versed according to such circumstances. 

45 [0066] It is well known to those skilled in the art that 
the slope of temperature characteristk: of the bias volt- 
age generating circuit 23 can be property set to a posi- 
tive coefficient or a negative coefftoient. For example, 
when a resistor and a constant current source are con- 

50 nected in series between a power supply line and 
ground, a voltage at a connection node between the re- 
sistor and the constant current source can be taken out 
as the bias voltage VT, then the bias voltage VT has a 
temperature characteristic of the resistor In this case, 

55 by connecting one end of the resistor to the power sup- 
ply line or ground, the temperature characteristic of the 
bias voltage VT Is reversed. When a voltage across a 
diode through which a fonn^ard current flows Is employed 
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instead of the resistor, the same effect can be exerted. 
[0067] Further, by changing the conversion coefficient 
of the V/l converter circuit 24, the temperature charac- 
teristic of the bias voltage VT can be close to a more 
preferable one. 

Second Embodiment 

[0068] FIG. 5 shows a PLL circuit of a second embod- 
iment according to the present invention. 
[0069] In this circuit, the bias voltage generating cir- 
cuit 23 of FIG. 1 is omitted and the output of a reference 
voltage generating circuit 18A is provided to a V/l con- 
verter circuit 24A. The conversion coefficient k2 of the 
V/l converter circuit 24A is smaller than that k1 of the V/ 
I converter circuit 24, wherein a relation IB2 = kl^VT = 
k2- VREF is satisfied. In this case, a relation IB1 > 0 can 
be applied. If a limitation on tB1 is eliminated, the limi- 
tation on the conversion coefficient is eliminated as well. 
[0070] The reference voltage generating circuit 18A 
has such a temperature characteristic that the above- 
described temperature compensation is perfonned for 
the control voltage VC. 

Third Embodiment 

[0071] FIG. 6 shows an embodiment of a charge 
pump circuit 16 and a loop filter 17 employed in a PLL 
circuit, of a third embodiment according to the present 
invention. 

[0072] In the charge pump circuit 16, a constant cur- 
rent source 1 61 , a PMOS transistor 1 62, an NMOS tran- 
sistor 163 and a constant current source 164 are con- 
nected in series between VDD and ground. A PMOS 
transistor 1 65 and an NMOS transistor 1 66 are connect- 
ed in series between the sources of the PMOS transistor 
162 and the MOS transistor 163. The charge pump cir- 
cuit 16 has a characteristic in that the input of a voltage 
follower circuit 1 67 is connected to the drain (a voltage 
VC) of the PMOS transistor 1 62, the output of the volt- 
age follower circuit 167 is connected to the drain of the 
PMOS transistor 1 65, and the output voltage VD thereof 
is provided to the non-inverting input of the comparator 
19 of FIG. 1 or 5. 

[0073] The up signal UP and the down signal OWN 
are provided to the gates of the PMOS transistor 1 65 
and the NMOS transistor 163, respectively, and the in- 
verted signals *UP and *DWN of the signals UP and 
OWN are provided to the gates of the PMOS transistor 
162 and the NMOS transistor 166. 
[0074] The loop filter 17 has a well-known configura- 
tion in which a resistor 1 71 and a filter capacitor 1 72 are 
connected in series between the output of the charge 
pump circuit 1 6 and ground and a phase compensation 
filter capacitor 173 is connected in parallel thereto. 
[0075] The voltage follower circuit 167 is not only a 
constituent of the charge pump circuit 1 6, but also a con- 
stituent of the loop filter 1 7. That is, the voltage follower 
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circuit 167 also serves as a voltage output buffer circuit 
in the loop filter 17. 

[0076] In the above configuration, when the up signal 
UP and the down signal OWN are both low and Inactive, 

5 the PMOS transistor 162 and the NMOS transistor 163 
are off. while the PMOS transistor 165 and the NMOS 
transistor 1 66 are both on, and thereby a current I flow- 
ing through the constant current source 161 flows 
through the transistors 1 65 and 1 66 to the constant cur- 

10 rent source 164. 

[0077] By a positive pulse of the up signal UP, the 
PMOS transistor 1 62 is turned on while the PMOS tran- 
sistor 1 65 is turned off to output the current 1 through the 
PMOS transistor 1 62 and charge the filter capacitors 

t5 172 and 173. Since, at this time, the NMOS transistor 
1 63 is off but the NMOS transistor 1 66 is on, the current 
I can be taken out from the output of the voltage follower 
circuit 1 67 by the constant current source 1 64. 
[0078] FIG. 7 shows voltage waveforms of signals VD 

20 and VC in relation to a pulse of the up signal UP. 

[0079] In a low frequency region, a relation VC = VD 
holds. When the PMOS transistor 1 62 is turned off by a 
rise of the up signal UP, part of an electric charge on the 
filter capacitor 173 flows to the PMOS transistor 162 

25 side due to the gate to drain capacitance of the PMOS 
transistor 162, thereby reducing the voltage VD instan- 
taneously. However, since a pulse duration of the up sig- 
nal UP is as short as several nanoseconds for example, 
the output VD of the voltage follower circuit 1 67 cannot 

30 follow such a high speed change in the voltage VC; 
therefore, change In the voltage VD is milder than that 
of the voltage VC. Thereby, more proper comparison by 
the comparator 19 in FIG. 1 or 5 Is achieved, and a value 
set in the register becomes a more proper one. 

35 [0080] By a positive pulse of the down signal DWN, 
the NMOS transistor 1 63 is turned on, while the NMOS 
transistor 1 66 is turned off to discharge part of the elec- 
tric charge on the filter capacitors 1 72 and 1 73 through 
the NMOS transistor 163 and the constant current 

40 source 164. At this time, although the PMOS transistor 
1 62 is off, since the PMOS transistor 1 65 is on, the cur- 
rent I flowing through the constant current source 161 
flows into the input of the voltage follower circuit 1 67. 
[0081 1 When the NMOS transistor 1 63 is turned off by 

45 a fall of the down signal DWN, part of the electric charge 
on the filter capacitance 1 73 flows to the NMOS transis- 
tor 1 63 side due to the gate to drain capacitance of the 
NMOS transistor 1 63 to further reduce the control volt- 
age VC instantaneously. However, by the above-de- 

50 scribed same reason, a change In the voltage VD be- 
comes milder than that of the voltage VC, whereby the 
same effect as above Is obtained. 
[0082] Note that other various kinds of modification 
are included in the present invention. 

55 [0083] For example, a configuration may be adopted 
in which the output VD of the voltage follower 1 67 of 
FIG. 6 is provided to the VCO 1 0 as the control voltage. 
[0084] In FIG. 1 , in a case where the phase compa- 



EP 1 223 676 A2 



7 



13 



EP 1 223 676 A2 



14 



rator 15 outputs an analog error signal, there is no ne- 
cessity to provide the charge pump circuit 1 6 (a combi- 
nation of the digital phase comparator 1 5 and the charge 
pump circuit 1 6 can be regarded as an analog phase 
comparator). 

[0085] The automatic bias adjustment circuit of the 
present invention can be applied to a PLL circuit with no 
divider by N, 14. 

[0086] Furthermore, the register setting circuit 20 may 
be of a configuration in which the set value SV Is se- 
quentially incremented or decremented. 
[0087] The addition of the first bias and the second 
bias may be performed on a signal line between the loop 
filter 17 and the CCO 13. That Is, the addition may be 
performed on the input side of the V/l converter 11 in- 
stead of the output side thereof. In this case, since the 
operation is addition of voltages, the V/l converter circuit 
24 is omitted and the D/A converter has a voltage output. 
Further, addition of ope of the first bias and the second 
bias to the signal line between the circuits 17 and 13 
may be performed on the input side of the V/l converter 
circuit 11 and addition of the other thereof may be per- 
fomried on the output side of the V/l converter circuit 11 . 
[0088] In addition, it is noted that the reference signal 
is not required to be a clock signal, but may be a data 
signal generated in synchronism with a clock signal. 



Claims 

1 . An automatic bias adjustment circuit adjusting a bi- 
as current for a PLL circuit which includes: a loop 
filter; a voltage to current converter circuit convert- 
ing an output voltage of said loop filter as a control 
voltage to a current; and a current-controlled oscil- 
lator, receiving a control current which is obtained 
by adding said bias current to said converted cur- 
rent, said bias current being a sum of first and sec- 
ond bias currents, generating an oscillation signal 
responsive to said control current; 

wherein said PLL circuit operates so that said oscil- 
lation signal or a signal obtained by dividing said 
oscillation signal is locked on a reference signal re- 
ceived, said automatic bias adjustment circuit com- 
prising: 

a bias adjustment circuit, providing said first bi- 
as current, adjusting said first bias current in re- 
sponse to an adjustment start signal such that 
said control voltage converges to a reference 

voltage; and 

a bias current generating circuit, providing said 
second bias current which changes with tem- 
perature such that said control voltage is pre- 
vented from shifting from said reference volt- 
age due to temperature variation. 

2. The automatic bias adjustment circuit of claim 1 , 



wherein said bias adjustment circuit ceases the ad- 
justment when the convergence has been 
achieved. 

5 3. The automatic bias adjustment circuit of claim 2, 
wherein said bias current generating circuit com- 
prises: 

a bias voltage generating circuit generating a 
10 bias voltage which has a temperature charac- 

teristic opposite to that of said control voltage; 
and 

a voltage to current converter circuit converting 
said bias voltage to a current which is said sec- 
15 ond bias current. 

4. The automatic bias adjustment circuit of claim 2, fur- 
ther comprising: a reference voltage generating cir- 
cuit generating said reference voltage which has a 

20 temperature characteristic opposite to that of said 

control voltage under a condition that a frequency 

of said oscillation signal is fixed; 

wherein said bias current generating circuit 

comprises: a voltage to current converter circuit 
25 converting said reference voltage to a current which 

is said second bias current. 

5. The automatic bias adjustment circuit of claim 2, 3, 
or 4, wherein said bias adjustment circuit compris- 

30 es: 

a comparator comparing said control voltage 
with said reference voltage; 
a register; 

35 a D/A converter converting an output of said 

register to a current which is said first bias cur- 
rent; and 

a register setting circuit, setting bits of said reg- 
ister bit by bit in cycles in response to said ad- 
40 Justment start signal, setting or resetting the set 

bit according to a comparison result of said 
comparator, and fixing contents of said register 
after the operation of setting or resetting. 

-^5 6. The automatic bias adjustment circuit of claim 5, 
wherein said register setting circuit sets said bits of 
said register in a order from the most significant bit 
to the least significant bit. 

50 7. A PLL circuit comprising: 

a loop filter; 

a voltage to current converter circuit converting 
an output voltage of said loop filter as a control 
55 voltage to a current; and 

a current-controlled oscillator, receiving a con- 
trol current whrch is obtained by adding a bias 
current to said converted current, said bias cur- 
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rent being a sum of first and second bias cur- 
rents, generating an oscillation signai respon- 
sive to said control current; 

wherein said PLL circuit operates so that said 
oscillation signal or a signal obtained by dividing 
said oscillation signal is locked on a reference sig- 
nal received, and said PLL circuit further compris- 
ing: 

a bias adjustment circuit, providing said first bi- 
as current, adjusting said first bias current in re- 
sponse to an adjustment start signal such that 
said control voltage converges to a reference 

voltage; and 

a bias current generating circuit, providing said 
second bias current which changes with tem- 
perature such that said control voltage is pre- 
vented from shifting from said reference volt- 
age due to temperature variation. 

8. The PLL circuit of claim 7, wherein said bias adjust- 
ment circuit ceases the adjustment when the con- 
vergence has been achieved. 

9. The PLL circuit of claim 8, wherein said bias cun-ent 
generating circuit comprises: 

a bias voltage generating circuit generating a 
bias voltage which has a temperature charac- 
teristic opposite to that of said control voltage; 
and 

a voltage to current converter circuit converting 
said bias voltage to a current which is said sec- 
ond bias current 

10. The PLL circuit of claim 8, further comprising: a ref- 
erence voltage generating circuit generating said 
reference voltage which has a temperature charac- 
teristic opposite to that of said control voltage under 
a condition that a frequency of said oscillation signal 
is fixed; 

wherein said bias current generating circuit 
comprises: a voltage to current converter circuit 
converting said reference voltage to a current which 
is said second bias current. 

11. The PLL circuit of claim 8, 9, or 10, wherein said 
bias adjustment circuit comprises: 

a comparator comparing said control voltage 
with said reference voltage; 
a register; 

a D/A converter converting an output of said 
register to a cunrent which is said first bias cur- 
rent; and 

a register setting circuit, setting bits of said reg- 
ister bit by bit in cycles in response to said ad- 



justment start signal, setting or resetting the set 
bit according to a comparison result of said 
comparator, and fixing contents of said-regis- 
ter after the operation of setting or resetting. 

5 

12. The PLL circuit of claim 11 , 

wherein said register setting circuit sets said bits of 
said register in a order from the most significant bit 
to the least significant bit. 

10 

13. The PLL circuit of any of claims 8 to 12, wherein 
said loop filter Includes a filter capacitor, said PLL 
circuit further comprising: 

15 a phase comparator generating a pulse signal 

responsive to said oscillation signal or a signal 
obtained by dividing said oscillation signal with 
respect to said reference signal; and 
a charge pump circuit charging or discharging 

20 said filter capacitor In response to said pulse 

signal. 

14. An automatic bias adjustment circuit adjusting a bi- 
as current for a PLL circuit which Includes: a loop 

25 filter having an output; a voltage to cunrent converter 
circuit, having an input connected to said output of 
said loop fiiter, converting a control voltage at said 
input thereof to a current, having an output to pro- 
vide said converted cun'ent; a current-controlled os- 

30 dilator, having an input connected to said output of 
said voltage to current converter circuit, generating 
an oscillation signal responsive to a control current 
at said input thereof; and an adder, having first and 
second inputs and an output, interposed into a sig- 

35 nal channel between said ioop filter and said cur- 
rent-controlled oscillator with connecting said first 
input and output thereof, said second input receiv- 
ing a bias signal which is a sum of first and second 
bias signals; wherein said PLL circuit operates so 

40 that said oscillation signal or a signal obtained by 
dividing said oscillation signal is locked on a refer- 
ence signal received, said automatic bias adjust- 
ment circuit comprising: 

45 a bias adjustment circuit, providing said first bi- 

as signal, adjusting said first bias signal in re- 
sponse to an adjustment start signal such that 
said control voltage converges to a reference 
voltage; and 

so a bias signal generating circuit providing said 

second bias signal which changes with temper- 
ature such that said control voltage is prevent- 
ed from shifting from said reference voltage due 
to temperature variation. 

55 

15. The automatic bias adjustment circuit of claim 14, 
wherein said bias adjustment circuit ceases the ad- 
justment when the convergence has been 



9 



17 



EP 1 223 676 A2 



achieved. 

16. The PLL circuit of daim 13, wherein said charge 
pump circuit comprises: 

5 

a first constant current source; 
a second constant current source; 
first and second switching transistors connect- 
ed in series between said first and second con- 
stant current sources; io 
third and fourth switching transistors connected 
in series between said first and second con- 
stant current sources; and 
a voltage follower circuit having an input con- 
nected to a connection node between said first is 
and second switching transistors, and an out- 
put connected to a connection node between 
said third and fourth switching transistors; 

wherein said loop filter is connected to said 20 
input of said voltage follower circuit and said output 
of said voltage follower circuit is an output of said 
loop fitter. 

17. A bias adjustment method for adjusting a bias cur- 25 
rent for a PLL circuit which includes: a loop filter; a 
voltage to current converter circuit converting an 
output voltage of said loop filter as a control voltage 

to a current; and a current-controlled oscillator, re- 
ceiving a control current which is obtained by add- 30 
ing said bias current to said converted current, gen- 
erating an osclilation signal responsive to said con- 
trol current; wherein said PLL circuit operates so 
that said oscillation signal or a signal obtained by 
dividing said oscillation signal is locked on a refer- 35 
ence signal received, said method comprising the 
steps of: 

providing a sum of first and second bias cur- 
rents as said bias current, adjusting said first 40 
bias current such that said control voltage con- 
verges to a reference voltage; and 
changing said second bias current with temper- 
ature such that said control voltage is prevent- 
ed from shifting from said reference voltage 
variation due to temperature variation . 

18. The bias adjustment method of claim 17, wherein 
the adjustment is ceased when the convergence 
has been achieved so 

19. The bias adjustment method of claim 17 or 18, 
wherein said changing is independent of said ad- 
Justing. 

55 
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